A recent study [Gun. Chem. 22, 1635 (1976)] reported intra-individual variation in 10 serum proteins to be much smaller than interindividual variation. We report results of a similar study involving about 700 apparently healthy adults in whom we estimated the relative magnitude of the intra-and interindividual variation in serum IgA, lgG, 1gM
diffusion technique. Traditional 95% reference intervals were computed relative to WHO reference preparations for the immunoglobulins. For C3, the reference interval was computed relative to a commercial reference preparation. We, too, found the ratios of intra-individual to interindividual variation for adults to be so small that the traditional reference intervals do not have the assumed diagnostic sensitivities. Furthermore, these ratios did not change after dividing the study population into subgroups according to sex and age; evidently such subgroupings do not improve the diagnostic sensitivity. The relatively small intra-individual variations were also observed at the extremes of protein concentration ranges. Numerous reports of adult reference intervals (normal values) in large populations (>250 subjects) for IgA, IgG, 1gM, and complement component C3 have been published (1) (2) (3) (4) (5) (6) (7) and recently reviewed (8) . Many of these reports claim statistically significant differences between age and sex groups. The variation within an individual over a period of time relative to the variation of his subgroup, however, has not been considered, although the individual variation has been reported to be small (9) (10) (11) (12) (13) . These studies have led to complex tabulations of reference values in which different intervals are cited for various subpopulations.
As recently discussed by Harris (14, 15) , for those constituents with intra-individual variations substantially less than the interindividual variation-as has been demonstrated by Statland et al. (9) for IgA, IgG, 1gM, and C3-the use of age/sex specific reference intervals may not significantly improve sensitivity vs. the reference interval for the total population. The following data strongly suggest this to be the case for IgA, IgG, 1gM, and C3.
Materials and Methods

Study Population
The individuals selected for study were ambulatory, and were adjudged normal on the basis of a health history, electrocardiogram, physical examination, and the results of a battery of chemical and hematological determinations.
The subjects were participants in a continuous health-study program, which called for blood specimens to be drawn from each subject at weekly intervals for 12 weeks. Because the subjects selected for our study were in various stages of completion of the sampling protocol, the number of specimens per subject ranged from one to 10, the mean number of specimens per subject being 3.9, excluding those subjects for whom only one specimen was obtained. The study population consisted of about 420 white men and 260 white women between the ages of 18 and 80. Two or more specimens were obtained from each of about 350 of the men and 210 of the women.
Sample Preparation
Blood specimens were obtained by venipuncture after an overnight fast by the subjects. The subjects sat for 15 mm before venipuncture, which was done while they were still seated. After the blood had clotted the serum was separated, stored at 4 #{176}C, and analyzed within 5 h of collection. Analyses were performed with Diffu-Gen5' kits (Oxford Laboratories Inc., Foster City, Calif. 94404) for radial immunodiffusion assay of serum IgA, IgG, 1gM, and complement component C3. These kits include pre-punched plates with wells for 12 samples and a series of low-, medium-, and high-concentration reference sera. Oxford's 5-id Sampler Ultra-Micro Pipetting Instruments were used to place samples into the wells, and ring diameters were measured with the help of the Oxford Illuminator/Reader.
Several lots of plates were#{149} used for each protein during the course of the study.
Reference Sera
The reference sera supplied with the kits for immunoglobulins were calibrated against two separate vials of the WHO International
Reference Preparation for Human Serum IgG, IgA, and 1gM, lot 67/95 (16) . Single lots of Diffu-Gen reference sera were used for the entire study.
Procedures
Analyses.
All analyses were performed by the maximal diffusion technique of Mancini (17, 18) . Low, medium, and high standard sera, 5 il, were spotted in wells 1, 2, and 3, respectively, of each plate. The remaining wells were filled with 5 il of additional standards, controls, or subject samples. In the case of IgG, specimens were diluted fivefold with saline (9 g NaCl per liter) before being applied to the plates. The covers were tightly replaced on the plates, which were then allowed to incubate upside down at ambient temperature and humidity. For convenience, the diameters of the resulting immunodiffusion rings were measured seven days after the plate was loaded, although diffusion was complete within three to five days, depending on the protein. Once diffusion is complete, ring size is unchanged for months. We measured ring diameters in two directions, at right angles to each other, using the Illuminator/Reader, which is a light box with a magnifying calibrated reticle. Several technicians participated in the study, but only one technician worked with any given plate.
Calculations.
The two measured diameters were multiplied to obtain a quantity proportional to the ring area. This product for the standards was then plotted vs. the corresponding standard concentration, and the standard curve was calculated by linear-regression analysis. All other concentrations were determined from the standard curve for that plate. The computer program for these operations also calculated the slope, area intercept, and a linearity factor, all of which were used in addition to the values obtained for the control sera to monitor daily quality control.
Results and Discussion
Units of Concentration
Although there has been considerable disagreement and equivocation on the appropriate units for ex- 
Analytical Precision
Within-plate reproducibility was determined by running the high and low reference sera in duplicate or quadruplicate on approximately 450 plates for each specific protein over a period of two months. The coefficient of variation for these replicates within-plates was 4%. Plate-to-plate variability was determined by use of 40 plates for each protein. Two control sera and a serum pool were run daily for 40 days. The plate-to-plate CV was about 7%.
Reference Intervals
Frequency distributions for the traditional single sample results are, with the exception of C3, nongaussian, being positively skewed. Corresponding distributions based on the means of the replicate analyses for each subject are just slightly narrower than for single samples and are also nongaussian. Thus, reference intervals for the proteins under study, estimated nonparametrically as the central 95th percentile of the distribution, were found to be essentially the same whether based on the distribution of single sample results or on the distribution of the means of replicate analyses for each subject. Reference intervals based on the latter are given in Tables 1 and 2 . For C3 and IgG, no dependence of the population mean or the reference interval was observed on either sex or age, thus only the adult population totals are given in Table 1 . For 1gM, women exhibited a higher mean and a much wider reference interval than men (Table 1) . Age did not appear to be a factor with 1gM. Because there is some evidence of a dependency of IgA on both sex and age, a categorical breakdown of results is given in Table 2 . Men appear to have higher values for IgA than women in all the age groups. Persons older than fifty years appear to have higher IgA values than those under fifty.
Inter-and Intra-Individual Variation
Although the frequency distributions are nongaussian gaussian statistics were used, for the sake of simplicity, in comparing intra-to interindividual variations. We assumed that because the differences between the ranges of values within individuals and the ranges for all individuals were obviously large, the application of gaussian statistics to estimating the corresponding variances would not introduce significant error. The average intra-individual variance for each protein was computed as the weighted mean of the variances of the replicate results for each subject. The weighting factor was N-1 where NL is the number of replicate results for the i-th subject. The interindividual variance for each protein was computed as the variance of the mean of the replicate results for each subject. A coefficient of variation for replicate results for each subject was also computed, then weighted according to the number of replicates and averaged to express intra-individual variation in terms of the coefficient of variation.
The value, r, as defined by Harris (14)-i.e., the square root of the ratio of average intra-individual variance (not average CV) to interindividual variance-was computed for each protein for the total reference population.
Then r was computed for the subgroups defined by sex and age as exemplified by the data for IgA in Table 2 . The average intra-individual variation expressed as coefficient of variation was corrected for an analytical variation of 7%; the ratios, r, were not.
Harris stated that "if r 0.6, the conventional normal range will almost always be less sensitive than desired to changes in biochemical status" and "as r exceeds 1.4, the normal range becomes a more trustworthy reference." In cases where r values are very low, such as the specific proteins under discussion, it is sometimes possible to increase r, and make the reference interval more sensitive for those individuals in the. population, by classifying the population into categories such as age and sex. As can be seen in Table 2 , such classification has essentially no effect on the r values for IgA. This was true also for IgG, 1gM, and C3, with the r values given in Table 1 remaining essentially constant for each protein despite substantial differences between mean values for some subgroups (i.e., men vs. women for 1gM). We also found, somewhat surprisingly, a substantial number of "healthy" subjects with very high concentrations of 1gM; about 4.5% of the study population, 31 subjects, were found to have from 340 to 725 mt. units of 1gM per milliliter. The average intra-individual variation for these 31 subjects, expressed as CV, was 10%, the same as for the whole study population. The ratio of the intra-individual variation of this group to the interindividual variation of the whole study population was still only 0.5. These results indicate that these individuals maintain high concentrations of 1gM with the same relative consistency as exhibited by the general population. The same observations were made for the individuals having between 50 and 75 mt. units of 1gM per milliliter.
The data collected thus far in this continuing study support the findings of Statland et al. (9) , which indicate that variation within adult individuals is so small relative to variation between individuals that traditionally defined reference intervals probably fail to provide sufficient sensitivity to permit detection of many possibly significant biological changes in any given individual.
In addition, because the interindividual variation is large relative to intra-individual variation, even in age and sex subgroupings, there appears to be no clinical advantage to using such categories. Maximum sensitivity can be achieved by using the individual as his own reference and by using serial determinations to detect significant changes in the serum concentrations of these specific proteins.
This study is being continued to investigate long-term variations in serum concentrations of C3, IgA, IgG, and 1gM. Data have already been collected that indicate that the concentrations of these proteins in "healthy" individuals remain essentially constant for as long as a year.
